The purpose of this research was to understand the misconception level of 10th grade students in Yogyakarta province of Indonesia in understanding the concept of ionic and covalent bonds. The ionic and covalent bonds were chosen based on the need assessment on chemistry teachers. This study was inclueded qualitative descriptive research which described the level of students' misconceptions. The sample of this study was 56 students of 10th grade students. The sample was selected by using purposive random sampling technique. The data was collected by three-tier diagnostic test. The data was analysed to determine the percentage of misconception level. The results indicated that the 10th grade students in Yogyakarta suffered misconception with high, medium, and low categories of 19.05%, 42.86%, and 9.52%, respectively.
INTRODUCTION
Chemistry is one of the sciences that covering concepts, calculations, and combination of both. Some students may experience difficulties in understanding chemistry due to the assumption that chemistry is a difficult subject (Cardellini, 2012; Johnstone, 1991) . The assumption that chemistry is a difficult subject could also be caused by its characteristics which is abstract (Horvat, Segedinac, Milenković, & Hrin, 2016) . This is because most chemical concepts are the simplification of the actual situation, for
The misconceptions in chemistry learning are needed to be minimized. Due to interconnection among the chemical concepts, the students experienced misconceptions in one concept would experience the difficulties and the misconceptions (Nicoll, 2001) . One of the misconceptions in chemistry learning is a chemical bond. This is in line with Ozmen's study (2004) indicating that a chemical bond is susceptible to a misconception. In addition, the need assessment showed that the most vulnerable year 10 chemistry subject was the chemical bond, that are ionic and covalent bonds.
Identifying the misconceptions experienced by students is a very important step in learning processes (Johnstone, 1991; Taber, 1997) . One way to find out the misconception is by using a diagnostic test (Heredia & Lewis, 2012) . A diagnostic test is used to determine the weakness of students' understanding of a concept. A diagnostic test that had been developed in Indonesia is two-and three-tier multiple choice and essay tests. In contrast to previous research, this study used a three-tier diagnostic test, disigned as a branched tree-shaped diagnostic test. A diagnostic test like this was developed by Sekereci (2015) in Turkey but it had not yet been implemented and explained in detail. Therefore, this study would adapt the diagnostic test in the form of branched trees called three-tier diagnostic test to determine the level of misconception and explain in detail the misconceptions experienced by students. The three-tier diagnostic test could reveal the students' understanding fully, including the reasoning ability and the level of confidence. The three-tier diagnostic test may also work as a selfassessment for students by wich the students' weaknesses would be identified and solved to improve students' ability in understanding the concept.
METHOD
This study was aimed to describe the level students' misconceptions by using the threetier diagnostic test instrument. The first-, the second-and the third-tiers explain the concept of ionic and covalent bonds, the students' reasoning, and the students' level of confidence, respectively.
The population in this study were students of year 10 at Yogyakarta, Indonesia. Whereas, the samples chosen using purposive random sampling technique were students of year 10 SMAN 1 Sewon and SMAN 2 Banguntapan. The selection of the two schools was due to the need assessment of chemistry teachers and the equivalent level of Instruction, January2019 • Vol.12, No.1 cognitive ability between the two schools based on the results of the 2017 National Examination in chemistry subject. The samples were majoring in natural science; with the total number were 56 students.
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Data Collection Instrument
The data were collected using three-tier diagnostic instrument that had been validated by two experts. The validation was done to check the correctness and the approprieteness of the concept in the instrument.
The tool consists of 21 points of diagnostic three-tier instrument. The first-tier describes an explanation of a concept, the second-tier describes the reason of the concept, and the third-tier describes the level of confidence in choosing answers at the first-and secondtiers. In this instrument, students would choose one answer out of two options in each tier, so that three combinations of answers will be obtained for each question, for example: true, true, not sure. The example of the three-tier diagnostic test instrument is presented in Figure 1 .
Figure 1 Three-tier diagnostic test
Data Analysis
Based on the combination of the given answers, the understanding of students' concepts was classified into several categories, such as scientific knowledge, lucky guess, guessing, lack of knowledge, and misconception. The three-tier diagnostic test patterns were presented in Table 1 . After obtaining the category for each answer, the percentage of the answers could be calculated. The percentage of answers was calculated for the majority answers given by students for every point of concept. The following was equation used to calculate the percentage of students' answers.
P =
Notes: P = Percentage of the number of students who experience a scientific knowledge, lucky guess, guessing, lack of knowledge, and misconception. S = The number of students who experience a scientific knowledge, lucky guess, guess, lack of knowledge, and misconception. N = Number of students who done the test. The results of the percentage of student's answers then were focused on the misconceptions. The level of misconception in understanding ionic and covalent bonds experienced by students was the concern. The level of misconception then was classified into three levels, namely high, medium, and low levels. The classification of misconception levels was presented in Table 2 . Table 2 The level of misconception.
Percentage Categories 0-30% Low 31-60% Medium 61-100% High
FINDINGS
The Research Result
The three-tier diagnostic test was prepared based on the understanding levels of students on the concept of ionic and covalent bonds. The instrument of the study could reveal the students' understanding ability of the ionic and covalent bonds. Therefore, this study
International Journal of Instruction, January2019 • Vol.12, No.1 could be used to minimize the level of misconceptions. The chemistry teacher could determine the best learning process steps. In addition, the next research could refer to this result to develop the better instruments to deepen study misconceptions.
The Research Data
The data collection was different with previous research. The data described the level of misconceptions and explained the students' misconception in ionic and covalent bonds, meanwhile the previous research done by Sekereci (2015) and Sekereci & Gecgel (2015) focused on developing of the three-tier instruments and did not fully explained the students' misconceptions. In addition, the research was concluded by calculating the percentages to determine the level of students' misconceptions. The percentage indicated the level of students' mastery on a concept. The percentage of students' answers was presented in Table 3 . Table 3 The percentage students' misconception. The misconceptions were explained in detail as follows.
Explanation of ionic bonds formation process
Metal and non-metal elements in ionic bonds
The misconception occurred because the students failed to understand the ionic bond's composer that was metal and non-metal elements. Whereas there were exceptions to the concept of ion bond formation, in which not all ionic bonds were formed by metal and non-metal elements, such as the BeCl 2 compound. The BeCl 2 was composed of metal and non-metal elements, and the bonds formed were not ionic but covalent bonds. It was because the ionic bond should be viewed based on the difference in electro negativity, i.e. ≥2.0. (Taber, 1997; Vladušić, Bucatb & Ožićc, 2013) .
Cations and anions in ionic bonds
In general, the misconception was occurred as result of missunderstanding of students thinking about ionic bonds that formed by cations and anions. Whereas there were exceptions to the ionic bond formation concept in which the interaction between cations and anions did not always form of ionic bonds, as in HCl compound (Hanson, 2015) . The interaction between H + ions and Cl -ions did not produce ionic bonds but covalent bonds.
Determining the process of forming ionic in NaCl compounds
The ionic bond was viewed based on the interaction between positive ion and negative ions
Misconception occurred because students thought that the ionic bond in NaCl compound based solely on the interaction between positive ions and negative ions, whereas, ionic bonds in NaCl compounds were determined based on the electron handover between Na atoms and Cl atoms. Na atoms would release electrons because they tended to have low ionization energies, then the electrons captured by Cl atoms tended to have electron affinity. Then the electron handover happened and ionic bonds were formed.
Most students took a mistake in understand ionic bonds and covalent bonds, and even tended to understand the upside between ionic and covalent bonds (Ozmen, 2004) .
NaCl ionic bond was viewed based on metal and non-metal elements
Misconception occurred because students thought that the ionic bond in the NaCl compound was formed from metal and non-metal elements. In fact, the electrons handover happened due to a very large electro negativity difference ≥2 between the Na and Cl atoms. In fact, ionic bonds occurred because the electron handover caused by electro negativity difference ≥2.0.
Determining the process of a covalent bond formation
Covalent bonding was viewed based on the interaction between nonmetal and nonmetal elements
Misconception occurred because the students missed in viewing covalent bonds. They thought it based on the interaction between non-metal and non-metal elements. In fact, covalent bonds should be determined based on the electrons which were not enough in each atom to reach the electron configuration of noble gases. Therefore, each atom would complete its configuration using shared electrons and then formed covalent bonds (Treagust, 1988) .
Non-metal could not form cations
Misconception occurred because students thought that non-metal elements could not form cations. Misconception was possibly happened because of the understanding that non-metal elements were difficult to release electrons so they could not form cations. In
International Journal of Instruction, January2019 • Vol.12, No.1 fact, there was an exception such as H in the HCl molecule which could be ionized in water into cations and anions namely H + and Cl -ions (perfect ionization).
Covalent bonds were formed due to the interaction between cations and anions
Misconception occurred because students thought covalent bonds were formed due to the interaction between cations and anions. In fact, the interaction between cations and anions tended to occur in ionic bonds but not in covalent bonds. Covalent bonds occurred because of sharing of electron pairs in order to achieve stability.
Determining the process of bond formation in NH 4 Cl compounds
Bonds in NH 4 Cl compounds were based on Lewis structures
Misconception occurred because of the incompleteness concept in explaining the bond of NH 4 Cl compound. Students thought that the bond in the NH 4 Cl compound was based on the Lewis structure so it made covalent bond. In fact, the formation of bonds in the NH 4 Cl compound was not only based on the Lewis structure but the interaction between NH 4 + ions and Cl -ions which was made an ionic bond.
The ionic bond in the NH 4 Cl compound was based on the interaction of metal and nonmetal elements
Misconception occurred because students thought the ionic bonds in the NH 4 Cl compound were based on the interaction between metal and non-metal elements. In fact, ionic bonds in NH 4 Cl should be viewed based on the interaction between polyatomic cations namely NH 4 + with anions namely Cl -. Misconception in ionic bonds was possible because the understanding of ionic bonds was only into the interaction between metal and non-metal elements. Therefore, this misconception was affected by prior knowledge on ionic bonds (Ballester Pérez et al., 2017) .
Determining the interaction of HCl compounds
Ionic bonds in HCl molecules
Misconception occurred because students thought that the bond in HCl compound was an ionic bond. In fact that the bond to the HCl compound was a polar covalent bond (Yayon, Mamlok-naaman, & Fortus, 2012) . The misconception was possible because the understanding of students did not look at the distribution of electrons between H atoms and Cl atoms.
Covalent bond was based on nonmetal elements that were difficult to release electrons
Misconception occurred because students thought that a covalent bond was based on the interaction of metal elements with non-metals, whereas non-metal elements that were difficult to release electrons. In fact, the interaction of metal elements with non-metal elements did not show the formation of covalent bonds. In addition, there was an exception that non-metal elements were difficult to release electrons, such as H atoms tended release electrons.
Determining the polarity of a compound
The molecular geometry of symmetry and asymmetry always indicate the polarity of a compound
International Journal of Instruction, January 2019 • Vol.12, No.1 Misconception occurred because of the incompleteness concept in explaining the polarity of a compound. Students thought that the molecular geometry of symmetry and symmetry always showed the polarity of a compound, such as the molecular geometry of symmetry showing non-polar covalent bonds and the formed of asymmetric molecules showing polar covalent bonds. In fact, the polarity of a compound could not always be determined based on the molecular geometry of symmetry or asymmetry.
Changing in molecular geometry caused the polarity of a compound was different
Misconception occurred because of students' misunderstanding of the polarity of a compound. Students thought that changing in molecular geometry would change the polarity of a compound. In fact, polarity of a compound was not determined by change in molecular geometry. Polar compounds could not change into non-polar compounds due to change in molecular geometry, or non-polar compounds could not change into polar compounds due to change in molecular geometry.
Determining the non-polar molecules
Vector direction in determining dipole moments led to atoms which made anions
Misconception occurred because students thought that in determining the dipole moment, the vector direction led to the atoms which made anions. In fact, there were two atoms that could form anions in a molecule, such as SO 3 molecules. Therefore, the direction of the vector should lead to the most electronegative atom.
Polar covalent bonds showed a polar molecule
Misconception occurred because of incompleteness of concepts that were owned by students. Students determined polar molecules based there was a polar covalent bond in a molecule. In fact, there was a polar covalent bond did not always show polar molecules, as in CO 2 molecules. Therefore, it was necessary for finding dipole moments which was produce in a molecule.
Determining the covalent bonds
The SO 3 molecules were formed from double covalent bonds and coordinate covalent bonds Misconception occurred because of incompleteness concept in explaining the bonds that occurred in SO 3 molecules. Students only mentioned that the SO 3 molecule consisted of double covalent bonds and coordination covalent bonds, but it was not explain how many bonds occurred. In fact, there were three bonds in a SO 3 molecule, namely two coordination covalent bond and double covalent bond.
The SO 3 molecule was consisted of three duplicate covalent bonds, as in the SO 2 molecule
Misconception occurred because of the associations made by students. They thought that the bonds in a SO 3 molecule was the same as in the SO 2 molecule, which was a double covalent bond. In fact, in a SO 3 molecule there were also two coordination covalent bonds.
International Journal of Instruction, January2019 • Vol.12, No.1 Bonds in NH 3 and CO 2 molecules There was covalent coordination in a NH 3 molecule Misconceptions occurred because students' misunderstanding when determining the Lewis structure of a NH3 molecule. Students thought that the N atom in the NH 3 molecule had non-bonding electron which indicated a covalent coordination bond. In fact, there was non-bonding electron did not always cause form a covalent coordination bond. Whereas N atoms had bounded one electron from each H atom and formed was a single covalent bond. Bonds in NH 3 and CO 2 molecules were looked based on the electron quantities surrounding the central atom Misconception was caused by students thought that covalent bonds were seen based on the number of electrons surrounding the central atom. In fact, not all electrons that surrounded the central atom would bind to other atoms. Therefore, the bond was formed due to bonding electron (Chandrasegaran, Treagust, & Mocerino, 2007) The process of forming covalent bonds in NH 3 and CO 2 molecules Misconception was ensued because students thought the covalent bonds in NH 3 molecule because of N atom contributed three electrons to the H atom. In fact, only one electron was donated by N atom to each H atom, so it was formed by three single covalent bonds. Then students explained that in a CO 2 molecule, C atoms donate two electrons to an O atom. Even though, there were two atoms in a CO 2 molecule. Therefore, the bonds formation was looked by C atoms donated two electrons to each O atom. Determining the polarity of a molecule based on differences in electronegativity The difference of electro negativity always showes the polarity of a molecule Misconception happened because of incompleteness of the concepts in explaining the polarity. Students thought that the difference in electro negativity of a compound would show the polarity of a molecule. In fact, there was not always electro negativity difference showed the polarity of a molecule (Nimmermark & Lars, 2016) . The electro negativity difference was formed from metal and non-metal elements Misconception occurred because students thought that electro negativity differences were formed from metal and non-metal elements. In fact, there were exceptions in these concepts, such as in HCl molecules. The electro negativity difference formed was formed by non-metal and non-metal elements. Therefore, the difference of electro negativity was not always formed by metal and non-metal elements, such as in HCl molecules. Determining the covalent bond on NH 3 BF 3 compounds Coordination covalent bond was formed between non-metal elements and non-metal elements Misconception occurred because students thought that coordination covalent bonds were formed by non-metal with non-metal elements. In fact, the interaction between nonmetals and non-metals elements did not always form a covalent coordination bond. It
International Journal of Instruction, January 2019 • Vol.12, No.1 should be viewed through the use of a pair of electrons shared from one atom in order to achieve stability. Determining the characteristic of ionic compounds on Na 2 O The external forces caused ions not to be easily separated Misconception was caused by the students' misunderstanding in ionic compounds' characteristic (Taber, 1997; Nimmermark & Lars, 2016) . They thought that the external forces caused the ions were not separated easily. In fact, the external forces caused ions separated easily because of the changing the ions position. This changing was caused of the previous ions attracted with other ions became to repulsive force due to the influence of external forces (Barker & Millar, 2000) .
Forming of Na 2 O solids would be ionized into cations and anions
Misconception was caused by the students' misunderstanding in ionization concept. They thought that the form of solids an ionic compound could be ionized. In fact, in the form of solids a compound could not be ionized into cations and anions. Ionization was occured when a solid was dissolved in water and ionizes into its ions.
Determining the boiling point in covalent bonds
The weak attraction in covalent bonds because of forming non-metal and non-metal elements Misconception happened because students thought that the covalent bonds had weak attraction due to be formed from non-metal and non-metal elements. In fact, the boiling point tended to be lower than the ionic bonds because there was no electrostatic force in the covalent bonds as in the ionic bonds, so the energy needed to separate the bond was not so large and affects the boiling point which tends to be lower. The low boiling point was caused by a very weak pulling force on covalent bonds Misconception occurred because students thought that the attractive force on covalent bonds was very weak. In fact, the attraction in covalent bonds was strong but the force between molecules in covalent bonds was weak. This force between weak molecules caused the boiling point of the covalent bond to be lower than the ion bond. Determining the bonds in KOH and NaNO 3 compounds KOH and NaNO 3 compounds only had ionic bonds Misconception happened because students did not fully explain the bonds that were occurred in KOH and NaNO 3 . Students thought that KOH and NaNO 3 compounds only had ionic bonds. In fact, these two compounds also had covalent bonds. The covalent bonds were occurred in O and H atoms of KOH and in O and N atoms of NaNO 3 compounds. The ionic bonds in the NaNO 3 and KOH compounds were formed from metal and nonmetal elements Misconception occurred because the students' understanding was wrong about the formation of ionic bonds in NaNO 3 and KOH compounds. Students thought the ionic bonds in NaNO 3 and KOH compounds due to the interaction between metal and nonmetal elements (Hanson, 2015) . In fact, the ionic bonds occurred because of the interactions of K + ions with OH -ions and Na + ions with NO 3 -ions.
International Journal of Instruction, January2019 • Vol.12, No.1 The bond of O and N in the NaNO 3 compound was a covalent coordination relationship Misconception was ensued because students' misunderstanding in concept of covalent bonds in NaNO 3 compound. Students thought that the bond between O and N atom in NaNO 3 compound was a coordination covalent bond. In fact, the bond between them was a covalent bond, not a covalent coordination bond.
CONCLUSION
Based on the results of the research that had been done it could be concluded that 10 th grade students of Senior high school in Bantul region experienced high category misconceptions of 19.05%, medium category 42.86% and low category of 9.52%.
